Gram-negative bacteria-induced infections result in fever, arrhythmia, and even death. Lipopolysaccharide (LPS), a constituent of bacteria, leads to an inflammatory response under sepsis and increase arrhythmogenesis. This study analyzed the effects on human embryonic stem cell-differentiated cardiomyocytes (HIPSC-CMs) exposed to LPS. A whole cell patch clamp was used to record the action potential (AP) and ionic currents with or without different doses of LPS in HIPSC-CMs. Compared with the control, a different dose (0.04, 0.2, 1, and 5 µg/ml) of LPS-treated HIPSC-CMs resulted in a longer AP duration. The IC50 of sodium channel current was 1.254 µg/ ml, L-type calcium channel current was 5 µg/ml, and I k channel currents were 1.254 µg/ml. LPS-treated HIPSC-CMs showed a lower sodium channel current, L-type calcium channel current, and I k channel currents. Furthermore, the expressions of Nav1.5 were decreased, and L-Ca, Kv11.1, and Kv7.1 were increased in LPS-treated HIPSC-CMs. LPS-induced arrhythmogenesis was related to the electrophysiological characteristics of sodium channel current, L-type calcium channel current, and I k channel currents. These results suggest a potential mechanism of cardiomyocyte injury in endotoxemia.
| INTRODUCTION
Due to a large number of endotoxins released into the blood by gramnegative bacteria, endotoxemia is the most common clinical systemic inflammatory response (Liu et al., 2009; Tang et al., 2010; Tang et al., 2011) . Endotoxemia causes hemorrhages, necrosis of the kidneys, and myocardial dysfunction. Systemic inflammatory response syndrome is the main feature of endotoxemia. Due to the interaction between the severe infection and the hyperactive inflammatory response, progressive systemic organ failures (heart) may develop in the final stage (Cai et al., 2014) . Lipopolysaccharide (LPS) is the main chemical component of endotoxin and initiates the host's natural immune defense response (Nduka & Parrillo, 2011; Van Amersfoort, Van Berkel & Kuiper, 2003) .
Systemic LPS exposure (endotoxemia) has been linked to inflammation and immune activation in a range of pathologies (Palmer et al., 2016) .
Myocardial dysfunction is a common complication that significantly contributes to the mortality of sepsis in both patients and experimental models of LPS-induced endotoxemia (Wang et al., 2015) . However, the mechanism of cardiomyocyte injury due to endotoxemia remains poorly understood.
Isolated ventricular myocytes from the guinea-pig heart have been used to analyze electrophysiological characteristics (Zhao et al., 2013) . While HL-1 cardiomyocyte action potential duration (APD) has been shown to become prolonged via LPS (Robert et al., 2012) , in this study, animals and animal cells were differenced, but isolated animal cardiomyocytes, and HL-1, which are not ideal for mimicking human cardiac diseases. This fallacy is due to the inability to generate action potentials (APs) and contractions. Furthermore, cardiomyocytes from the human heart are virtually unavailable due to technical hurdles and safety concerns. Recently, human embryonic stem cell-differentiated cardiomyocytes (HIPSC-CMs) have demonstrated electrophysiological and pharmacological properties that are similar to those of native cardiomyocytes, including APs and responses to antiarrhythmic drugs (Germanguz et al., 2011) .
In this study, we used human embryonic stem cell-based cardiomyocytes and investigated the effect of LPS on arrhythmia, AP, sodium channel current, L-type calcium channel current, and I k channel currents. Results from this investigation provide a potential mechanism of endotoxemia-induced arrhythmia and suggest a theoretical basis of clinical treatment.
| METHODS

| Ethics statement
All of the procedures conformed to the NIH guidelines and were conducted following the protocols approved by the Animal Care Committee of Inner Mongolia University for Nationalities.
| Generation of HIPSC-CMs
Human embryonic stem cells were cultured and differentiated into HIPSC-CMs according to previous research . The human embryonic stem cells were seeded into low adhesion six-well plates in suspension culture to form embryoid bodies. After 7 days, the embryogenic bodies were inoculated into four-well plates and adhered to the wells with the final concentration of 10 µmol/L 5-azacytidine as differentiation induction. HIPSC-CMs were kept at 37°C in a water vapor-saturated atmosphere with 5% CO 2, and they were used from 24 hr up to 6 weeks after passaging with a medium change every 48 hr.
The HIPSC-CMs were divided into the following groups: the control group and the LPS group (0.04, 0.2, 1, and 5 ug/ml). 
| Whole cell patch clamp experiments
The AP and ion channel currents were measured by standard patch clamp recording. Digidata 1440A, multiclamp 700B, micromotor drawing instrument MODEL P-97, and three-dimensional manipulator MP-225 (Sutter Medical Technologies, Freiburg, Germany) were used for this study.
Patch electrodes were pulled from borosilicate glass capillaries using a DMZ-Universal Puller. Patch electrodes were filled with electrode liquid. Before a Giga-seal was formed, electrode offset potentials were zero-adjusted. Fast capacitance was first compensated, and then the membrane under the pipette tip was disrupted by negative pressure after a Giga-seal was generated to establish the whole cell configuration. The potential was recorded in a current-clamp mode, and ion currents were analyzed in the voltage-clamp mode. Glyceraldehyde-3-phosphate dehydrogenase (GAPDH) was used as the loading control.
| Western blot analysis
| Statistical analysis
All of the values are expressed as mean ± standard error of the mean. with an IC50 of 1.254 µg/ml (Figure 4 ). An I-V curve was made with pulse voltage as abscissa, corresponding to the current density (pF/pA) as the vertical axis. LPS significantly inhibited I Ca-L current amplitude (pA/pF), demonstrating a 41% decrease in the peak current, but the I Ca-L voltage-dependent activation and steady-state inactivation were not statistically significant (Figure 4 ).
| LPS reduced sodium channel currents (I Na ) in HIPSC-CMs
The effect of LPS in prolonging the APD suggested that sodium channel currents (I Na ) might be affected by LPS. The effects of LPS on I Na were examined. LPS demonstrated strong statedependent inhibition of sodium channel currents while dosedependently inhibiting inactivated sodium channel currents (Figure 5a ) with an IC50 of 1.254 µg/ml ( Figure 5 ). I Na at all of the tested potentials; all five doses of LPS significantly reduced the inward peak amplitude of I Na and I Na current density, with a 61% decrease in the peak current. Next, the voltage-dependent activation and steady-state inactivation were evaluated by plotting Na + peak current. The voltage-dependent activation curve of I Na was shifted left in HIPSC-CMs with LPS (Figure 5d ), and the steady-state inactivation curve of I Na in HIPSC-CMs with LPS was shifted left (Figure 5e ). , where IC50 is the drug concentration for 50% inhibition, and n is the Hill coefficient. Cultured HIPSC-CMs were exposed to LPS at 0.04, 0.2, 1, and 5 μg/ml and I ks was recorded 3 min later. The IC50 was 1.254 µg/ml. Furthermore, LPS shifted the half-activation voltage of I ks in HIPSC-CMs with a 54% decrease in the peak current, and the slope factor significantly differed (Figure 6 ). LPS increased I kr significantly (Figure 7 ).
| LPS changed the expression of ion channels
HIPSC-CMs were treated for 24 hr with 1 μg/ml LPS. Protein expression of ion channels was analyzed by western blot analysis.
LPS reduced the expression of Nav1.5 (Na + channel, Figure 8a ), but enhanced the expression of I CaL (Figure 8b ), Kv7.1 (I Ks , Figure 8c ), and Kv11.1 (I Kr , Figure 8d ). As LPS is present in the outer cell membrane of gram-negative bacteria, endotoxin was the principal mediator involved in the development of septic shock (Adamik et al., 2015) . LPS was recognized by toll-like receptor 4 in an immune cell, and then immune cells produced inflammatory responses, which led to the induction of a variety of processes that could contribute to the development of major organ failure (including heart) in the course of endotoxemia (Cunningham et al., 2002) .
In this study, QT interval was enhanced, and a short array of arrhythmias occurred in HIPSC-CMs induced by LPS, but this phenomenon disappeared after rupture (Figure 1 ). This is likely the cause of tachyarrhythmias in animal models and patients with inflammatory endotoxemia.
To clarify the electrophysiological mechanisms of dysfunction, the effects of LPS on the AP of cardiomyocytes were observed. The results showed that APD was prolonged (Figure 2) . To identify the (1.254 µg/ml) of LPS for suppressing I k and I Na , but at a high concentration as the IC50 (5 µg/ml) of LPS for I CaL .
We found I Na current density was reduced, and the voltagedependent activation curve of I Na was shifted to the left in HIPSC-CMs with LPS. In addition, the steady-state inactivation curve of I Na in HIPSC-CMs with LPS was shifted left. These results suggest that endotoxin leads to low cardiomyocyte sodium channel abnormalities caused by gated dysfunction of the sodium channels, which may lead to the occurrence of cardiomyocyte conduction blockages. The activation and inactivation processes of sodium channels in cardiomyocytes were initiated at the same time and were triggered by the outward movement of the voltage-sensitive S4 segment on the sodium channel currents. The cardiomyocytes were significantly slower than the activation process, so the zero-period AP would continue to express introverted I Na . In this study, endotoxin changed the gaitral function of cardiomyocytes, and the activation and deactivation process likely leads to a decrease in the opening time of the sodium channels. A decrease in the opening time of the sodium channels can cause a decrease in I Na sensitivity and a decrease in cardiomyocyte AP 
